Abstract Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors of the GI tract, they have a wide spectrum of clinical manifestations, and a small proportion of them present as an acute abdomen due to obstruction, perforation, or hemoperitoneum. We present a case of a perforated GIST of the Meckel's diverticulum and review the current literature on perforated GISTs. We ran a search on Pubmed and Google Scholar with the following terms Bperforated GIST,^Bperforated Meckel's diverticulum,B GIST with peritonitis,^and BGIST in Meckel's diverticulum.^After selecting the relevant articles, we tabulated our results and analyzed the data. Out of the 45 cases, 32 (71.1 %) were male and 13 (28.8 %) were female. Out of the 45 reported cases, 41 (91.1 %) were from the small intestine, 2 (4.44 %) cases from the stomach, and 2 (4.44 %) from the small bowel. In 15 (33.33 %) cases, the site of perforation was the Meckel's diverticulum (MD). Forty-year-old male, presented with features of peritonitis localized to the right iliac fossa, was diagnosed as acute appendicitis and subjected to a diagnostic laparoscopy. Intraoperatively, a perforated Meckel's diverticulum was found, which on histopathological examination contained a low-grade GIST. Our literature search revealed that in reported cases of perforated GISTs, there is a slight male preponderance. Small bowel appears to be the most common site for a perforated GIST, and a significant proportion (30.23 %) arise from the Meckel's diverticulum. And most importantly, the commonest tumor to cause perforation of a Meckel's diverticulum is a GIST.
Introduction
Gastrointestinal stromal tumors (GISTs) are rare tumors of the GI tract, and in most studies, their incidence is found to be less than 1 % [1] ; however, they are the most common mesenchymal neoplasms that arise from the GI tract [2] .
They have a wide spectrum of clinical manifestations, a third of them are asymptomatic and detected incidentally while investigating other pathologies. They most commonly present with symptoms of gastric discomfort or ulcer-like symptoms and upper GI bleed. Very rarely, they may present with features of an acute abdomen either due to obstruction, perforation, or hemoperitoneum [2] .
To come to a diagnosis of GIST, it is essential to demonstrate the expression of the tyrosine kinase receptor KIT (CD 117 leukocyte antigen), almost 97 % of GISTs are positive for K I T, o t h e r m a r k e r s t h a t c a n b e d e m o n s t r a t e d immunohistochemically and are useful in KIT-negative GISTs are Ano-1, PDGFRA, CD 34, and protein kinase C theta [2] .
The aims of this article were to review the available literature and present a rare case of a perforated GIST arising in a Meckel's diverticulum (MD) which was successfully managed by a laparoscopic-assisted approach.
Case Report
A 40-year-old male patient presented to the emergency department with complaints of pain abdomen for 1 day; on examination, there was tenderness and guarding in the right iliac fossa. A clinical diagnosis of acute appendicitis was made.
Ultrasound of the abdomen showed free fluid in the peritoneal cavity, and the appendix could not be visualized. Plain abdominal and chest radiographs were normal.
Patient was subjected to a diagnostic laparoscopic evaluation, which revealed multiple adherent bowel loops in the right iliac fossa mostly involving the terminal ileum. After carefully releasing the adhesions laparoscopically, a Meckel's diverticulum was identified at about 50 cm from the ileoceacal junction, which appeared to be perforated.
It was decided by the senior operating surgeon to convert the laparoscopic procedure to an open exploratory laparotomy.
The port site incision at the umbilicus was extended and the adherent bowel loops delivered out. The involved part of the ileum containing the Meckel's diverticulum was resected, and an end-to-end ileo-ileal anastomosis was performed ( Fig. 1) . Peritoneal lavage was performed, and the abdominal cavity was closed in layers. The patient had an uneventful post operative recovery and was discharged on post op day 5.
Histopathological examination of the resected specimen ( Fig. 1 and Fig. 2) showed a perforated Meckel's diverticulum with a gray white fleshy growth involving the entire length of the diverticulum; sections from this area revealed features suggestive of a GIST with mitotic count of 2/50 hpf (Fig. 3) .
To confirm our diagnosis, immunohistochemical (IHC) examination was performed and the sample was found to be C-KIT positive.
Patient was started on adjuvant therapy with oral imatinib.
Methodology
We conducted an extensive search on PubMed and Google Scholar with the following terms Bperforated GIST,B perforated Meckel's diverticulum,^BGIST with peritonitis,â nd BGIST in Meckel's diverticulum.^After selecting the relevant articles that described the occurrence of perforation of the GI tract associated with a GIST, we tabulated our results and analyzed the data; we calculated the percentages of the following:
i)
Total number of patient sex-wise ii)
Organ-wise distribution of cases iii) Percentage of cases involving Meckel's diverticulum and the average age of the study population. 
Discussion
GISTs account for less than 1 % of all gastrointestinal malignancies, their most common location being the stomach [1, 2] ; however, the occurrence of a perforation associated with a stromal tumor is more commonly seen in the small bowel [3] . Our own literature search revealed that out of 45 reported cases of perforation in a GIST, 41 occurred in the small intestine. The exact reason for this is not known; we hypothesize that it may be due to the thinner wall of the small intestine compared to the stomach or large bowel.
One third of the stromal tumors of the GI tract are asymptomatic and incidentally detected during investigative procedures; some of them may present with vague nonspecific gastrointestinal complaints such as early satiety, nausea, and vomiting and very few present in an acute setting [1] . Amongst those, which present in an acute setting, bleeding from the GI tract is the most common symptom [2] . The incidence of perforation associated with a GIST is quite low, with only 45 cases reported till date.
The association of GIST with MD is a known entity; it accounts for about 12 % of the tumors associated with MD [4] . Only 4-16 % of MD is symptomatic and is mostly due to ulceration and intussception [5] . A Meckel's diverticulum causing perforation of the small intestine is an even more rarely reported entity. Perforation is usually caused by foreign objects such as a fish bone, or spontaneous perforation due to ulceration of the gastric mucosa present in the diverticulum [6, 7] . A perforation caused due to a tumor is almost unheard of.
Our literature search revealed that GISTs are the most common tumors responsible for perforation of a MD (Table 1) . There are at present 15 well-reported cases of a perforated Meckel's diverticulum due to a GIST, compared to just one case report of a carcinoid tumor [8] , two cases of leiomyosarcoma [9, 10] , and one case of adenocarcinoma [52] . Amongst the location of perforated stromal tumors, MD accounts for a large proportion (30.33 %) of the cases.
This association between MD and GIST has not been previously described, even though the number of cases is quite less to come to any conclusion, there is a possibility that NR not reported stromal tumors of the MD are at a higher risk of perforation. Management of these patients is mostly surgical followed by adjuvant therapy with imatinib. As in our case, and as previously reported [38] , these cases can be managed laparoscopically without any complications. According to Johnsue's classification [1] , tumor rupture has been assigned to the high-risk category and any patient presenting with a perforated GIST should receive imatinib irrespective of the mitotic count, as there is a possibility of tumor cells being disseminated into the peritoneal cavity after perforation. Perforated GISTs are usually associated with a good prognosis, unless there are other co-morbid factors in the patient.
Conclusion
Both MD and GIST are relatively rare entities, and their association is even more so. Our literature search has revealed that GISTs are the most common tumors responsible for perforation of a Meckel's diverticulum. And even amongst the sites of perforated stromal tumors, they form a significant chunk (35 %) .
Even though it is hard to come to any conclusions with the data presented here, it is worthwhile for the practicing surgeon to keep this association in mind while dealing with a Meckel's diverticulum.
CD, cluster of differentiation; GI, gastrointestinal; GIST, gastrointestinal stromal tumor; KIT, receptor tyrosine kinase; MD, Meckel's diverticulum; PDGFRA, platelet-derived growth factor receptor alpha.
Authors' Contribution IRH and SK were involved in patient care and manuscript preparation, and CSM was the pathologist who reported the slides and provided the microphotographs.
Compliance with Ethical Standards
Informed Consent Informed consent was taken from the patient and his relatives according to the Declaration of Helsinki and its later amendments.
Conflict of Interest
The authors declare that they have no conflict of interest.
